The reduction of feed-in tariffs and subsidies in the last years substantially decreased the interest of investors for photovoltaic (PV) systems in individual countries and in the European Union in general. From the viewpoint of electricity distribution system operators (DSO) and electricity distribution companies, the PV systems are often observed as the systems that cause additional costs and make network operation difficult, but must be connected to the electricity network due to the existing legislation. Thus, the power of PV systems newly connected to the electricity networks per year decreases substantially. The fact that PV systems can be used not only for active, but also for reactive power generation, is often neglected. If reactive power in PV systems is generated properly, it can satisfy the local reactive power demand, which leads to reduction of network losses. This paper focuses on an existing low voltage distribution network with installed 100 kWp PV power. Its goal is to perform a sensitivity analysis of benefits in the network that could be achieved by the reduction of network energy losses and by the locally generated reactive power, both achieved by PV systems capable to generate reactive power.
Introduction
Electrical energy generated by power plants passes through the electricity transmission and distribution networks before it finally reaches the consumers. In this process appear transmission and distribution system losses, which represent the difference between the generated and delivered energy. These energy losses are mostly caused by the unidirectional energy flow known as the active power as well as by the reciprocal energy exchange known as the reactive power. According to the official statistical data [1] for 2013, the total energy losses in Slovenian electricity transmission and distribution networks are in the range of 849 GWh, as shown in Table  I . This is 5,7% of transmitted energy, including transit, export and import of electrical energy. However, it must be pointed out that costs for the operation of transmission and distribution networks could be even more important than the energy losses. Table I .
-Electricity consumption and losses in year 2013
Total consumption (GWh) 12.816
Transmission losses (GWh) 307
Distribution losses (GWh) 542
Total network losses (GWh) 849
This paper focuses on the benefits that can be achieved by a proper generation of reactive power in PV systems installed inside a low voltage distribution network [2] - [5] .
In the case study, given for an existing low voltage network, the savings due to the reduced energy losses and costs related with it, as well as the benefits due to the locally provided reactive power, are analysed. Performed are the evaluations based on the discounted cash flow (DCF) analysis and the sensitivity analysis.
Low voltage network and legal frame
The analysis performed in this paper focuses on the low voltage distribution network shown in Fig. 1 . It contains a transformer 250 kVA, Dy5n, 20 kV/ 0.4 kV, 35 consumers with total maximum active power of 130 kW, and two 50 kWp PV systems. The total energy consumption is in the range of 150 MWh and 72 MVArh. According to the rules defined by the electricity distribution system operator (DSO), all PV systems connected to the network must be able to generate reactive power according to cosϕ=0.8, whilst cosϕ of the consumers must be better than 0.9.
The first aim of this work is to evaluate the benefits that can be achieved in the discussed low voltage network by the reduction of energy losses due to optimal reactive power generation in the PV systems. The PV systems are considered in two different ways, as two actually installed 50 kWp units, and as 20 smaller 5 kWp units distributed in the network. The evaluation is based on the net present value calculation.
The second aim is to evaluate the benefits that can be achieved through the reduction of costs for reactive power. The reactive power, normally delivered from the medium voltage network or from the compensation devices, is in the given case generated locally in the PV systems, which reduces the reactive power costs. In order to evaluate the benefits achieved in this way the sensitivity analysis is performed. 
Benefits due to the reduction of network losses
The network analysis is based on the load flow [6] [7] [8] analysis considering the load diagram and solar irradiance data given in 30 min intervals over a year. For each 30 min interval, the optimal reactive power generation is determined in such a way, to minimize the energy losses related with energy transmission in the networks and to simultaneously keep the voltage profile inside prescribed limits. In order to generated references for reactive power generation in individual PV systems a local low voltage network control based on instantaneous smart meter data can be applied. The reduction of losses is then represented in the form of cost savings. The described procedure is performed for two 50 kWp PV systems that are actually installed in network, where they are marked with G in Fig.  1 , and for 20 hypothetical smaller PV systems. The benefits in the form of cost savings C savings [€] , that could be achieved through the reduction of network losses related with energy transmission W loss [MWh] , are calculated by (1) 
The results presented in Table II . are given for the energy saving per year, considering officially defined cost of energy losses C loss = 51.00 €/MWh, valid nationally in 2014. The energy savings are calculated for the discussed network as the difference between the network energy losses in in the case without reactive power generation and the case with optimal reactive power generation in the PV systems. The PV systems are considered in two different ways, by two 50 kWp units and by 10 units with the power of 5 kWp. In the results presented in Table II . only cost savings due to the reduced network losses are considered, whilst the costs for reactive power are not considered. In the low voltage networks, the reactive power is normally generated with compensation devices or it must be delivered form the reactive power sources in the medium voltage network. In any case the reactive power must be provided for proper network operation and it cannot be considered as granted and costs free.
Benefits due to the local reactive power generation
In the given case, the reactive power demand and resources for its generation are well defined due to the known network model, load profile and profile of PV system operation. However, they can be also estimated.
According to the DSO rules, all PV systems connected to the network must generate reactive power according to cosϕ=0.8, whilst cosϕ of the consumers must be better than 0.9. Considering the relation between the active P and reactive power Q (2) 2 2 2 1 cos 1 cos
and taking into account that cosϕ=0.8 for reactive power generation and cosϕ=0.9 for reactive power demand, the relations Q=0.75P for the reactive power generation and Q=0.48P for the reactive power demand, can be used as a first approximation. The average yearly energy consumption per consumer in the discussed network is 4286 kWh, which gives the total consumption of approximately 150 MWh and 72 MVArh per year. With 1100 hours of operation at the installed power, the two PV systems in the network can generate approximately 110 MWh and 82.5 MVArh per year. Thus, the reactive power demand of the consumers as well as reactive power required for low voltage network operation could be provided locally, which is not completely true because the PV systems cannot operate without sunlight.
The benefits in the form of power system cost savings due to the locally generated reactive power per year can be calculated by (3):
where are: 
Discounted cash flow analysis
The benefits discussed in the sections 3 and 4, presented in Tables II and III, In the analysis it is considered that the time of the cash flow is 20 years and the required investment rate of return is 7%. The yearly cash flow CF (5) consists of the cash outflows, which, in the given case, equals zero and the yearly cash inflows, which represent the benefits C savings and PS savings , introduced in (1) and (3) 
The NPV represent the difference between sum of the investment discounted cash flows and its cost essentially. NPV measures how much value is created or added by undertaking an investment. In the given case, the initial investment cost I in (4) equals zero, whilst the cash flow CF in (5) consist only of benefits C savings and PS savings .
The results of NPV determined for two different scenarios are shown in Table IV and in figures 2 and 3. In the Scenario A only the benefits achieved by the cost savings due to reduction of losses (C savings ) are considered. However, in the Scenario B both, the benefits achieved by the cost savings due to reduction of losses (C savings ), as well as the benefits achieved by the cost savings due to the locally generated reactive power (PS savings ), are considered. The results are given for the discussed low voltage network with the total PV power of 100 kWp. The PV systems are considered in two ways, as two 50 kWp PV units and as twenty 5 kWp PV units.
Sensitivity analysis
The results shown in Table IV and in figures 2 and 3 are given for the cost of energy losses C loss = 51.00 €/MWh and the cost for generated reactive power C gen =25.5 €/MVArh. However, these costs are not fixed and can change in the similar way as the energy prices on the market. (1) and C gen (3) . In the results shown in Tables V and V, the cost of energy losses C loss are increased and decreased for 20% and for 40%, whilst the cost for generated reactive power C gen are set to 0, 2.50, 12.75, 25.50 and 51.00 €/MVArh.
Conclusion
According to the rules defined by the DSO, all PV systems connected to electricity networks in Slovenia, must contribute to the reactive power generation between cosϕ=0.8 and cosϕ=1. The paper shows that, in the discussed low voltage network, the installed PV systems could generate more than 82 MVArh of reactive power. Properly generated reactive power in PV systems can reduce the energy losses for more than 1 MWh yearly, which means benefits of over 50 €. Moreover, these benefits are even higher if the costs for reactive power generation are considered. According to the results presented in the paper, the benefits achieved in a single low voltage network are in the range between several tenths to several thousandths EUR. Thus, the PV systems, if applied properly, can lead to substantial benefits in distribution networks even through the reactive power generation.
